Abstract. This paper studies the synchronization problem of a class of chaotic systems. The mentioned synchronization scheme consists of identical master and slave chaotic systems. By analyzing structural characteristics of nonlinear vector field of the error system, a new approach is presented to synchronize the two chaotic systems. Based on linear error state feedback, an independent stable equation of some error state variables is separated. Synchronization conditions is derived which make globally synchronization between the master system and the slave system rapidly. The approach can be used to achieve synchronization of the Genesio chaotic system and Liu chaotic system. A class of simple linear feedback controller is designed and precise corresponding synchronization conditions is obtained. Numerical examples illustrate the validity of the presented approach in this paper.
Introduction
During the past decades, chaos plays a more and more important role in nonlinear science field. A chaotic system has complex dynamical behaviors, extreme sensitivity to tiny variations of initial conditions is a prominent characteristic of chaotic behavior [1] [2] . As a topic of dynamical systems theory, chaos synchronization has received a significant attention, since Pecora and Carroll presented the chaos synchronization method to synchronize two identical chaotic systems with different initial values in 1990 [3] . A basic configuration for chaos synchronization is the master-slave pattern, where the slave chaotic system must track the master chaotic trajectory. A number of methods based on this configuration have been proposed [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , such as feedback approach [4, 5, 6] , time-delay feedback approach [7, 8, 9] , adaptive method [10, 11] , backstepping design technique [12, 13] , Impulse control method [14] , sliding mode control method [15] and so on.
On the other hand, due to these nonlinear chaotic systems including many quadratic nonlinear terms, most of the synchronization controller is nonlinear. So, it is not conducive to engineering applications. Considering linear state error feedback control is a robust and easily implemented control technique available for chaos synchronization. Thus, in recent years, this technique has been used to synchronize two identical classical Lorenz systems [16, 17] and Chen systems [18] . Some sufficient synchronization conditions have been derived. However, most of the results only for very specific chaotic system, and most of the linear controllers providing rather conservative. This paper systematically investigates chaos synchronization of a class of chaotic systems via linear state error feedback control. By analyzing the nonlinear vector fields of the error system between drive and response system, all of components are associated with a component of error state. Hence, when this state component tends to zero, the nonlinear part is gradually disappearing. If the component of the error state is controlled to zero, the nonlinear error system is becoming controlled linear system, and if this linear system is globally asymptotically stable at the zero equilibrium point, chaos synchronization is achieved. It should be noted that the method is simple, fast and effective, and it can be applied to get synchronization of Genesio chaotic system and Liu chaotic systems, some simple linear feedback controller is designed and precise corresponding synchronization conditions is 2nd International Conference on Advances in Mechanical Engineering and Industrial Informatics (AMEII 2016) obtained. Numerical examples illustrate the validity of the presented approach in this paper.
The synchronization scheme
Consider a class of chaotic systems described by 
is the nonlinear vector fields with (0) 0 f  . As we known, many chaotic systems investigated are in the form (1) such as the unified chaotic system, Lorenz system, Chen system, Chua's circuit, and so on. Now, construct a master-slave synchronization scheme for two identical chaotic systems coupled by a linear state error feedback controller ( ) u t , as follows:
Master x Ax f x Slave y Ay f y u t
Then the objective of the synchronization scheme (2) is to design a controller such that the trajectories x of the master and the trajectories y of the slave systems satisfy.
Define the error variable e y x   , where
e e e e y x y x y x     
, from (2), we can abtain a dynamical error system:
In order to find a sufficient synchronization criterion for the scheme, the following assumption on the error system is needed. Assumption 1. Consider the case that there exist a constant i , and the nonlinear parts of (4) have the following condition:
( It is easy to verify that many chaotic systems satisfy the conditions of assumption 1, such as Genesio system, Lorzen chaotic system, Chen system and Liu chaotic system. Let designs the controller ( ) u t as the following:
is a constant matrix, referred to as the feedback gain matrix. Hence, system (4) can be expressed as
. From the viewpoint of control theory, the synchronization issue (3) is equivalent to the uniform asymptotical stability of the error system (6) at 0 e  .
Main theoretical results
In this section, we will develop some globally synchronization criteria by the feedback control law. Remark 2. For all the state variable x of chaotic system is bounded, so it is easy to verfy the condition(1) in Theorem 1.
Although, the criterion of Theorem 1 is very simple, and we need not construct any Lyapunov function or solving any matrix inequalities, but to get appropriate feedback gain matrix K , we need to correct estimate the boundary of the chaotic system. To make it easier to design the controller of (7), we consider the case that the matrix ( ) M x has the following special structure.
It is easy to find many chaotic systems satisfy the condition (8) .
Main application
Synchronization of Genesio system. Genesio system is a very useful chaotic system, the master-slave synchronization scheme for Genesio system can be write as form (2), where
, and ( ) u t is the controller as the form of (5). Then the error dynamic system can be derived into a form as
It is easy to see that system (12) satisfies Assumption 1. Now, design the controller as. 
Theorem 2. If 11 0 k  ， 22 0 k  , the error dynamic system(9) is global asymptotical stable with the controller (10) , that is to say, the master-slave Genesio system (2) achieves global synchronization via the linear state error feedback controller.
Proof. With the controller (10), we have 
The eigenvalues of Â are
Hence, the matrix A is is Hurwitz stability and 1 1 1 1 e a e   , According to the Theorem 1, the Genesio system achieves synchronization, which complete the proof.
Synchronization of Liu chaotic systems. In this section, we study the synchronization of Liu chaotic systems by linear error state feedback controller. Now, write the master-slave Liu system as form (2), we get
. Then the error dynamic system can be described as
Where 1 0 0 0
. Let design the controller as 
Obviously, the eigenvalues of ( ) A x are fig.1 , it is easy to see that after the controller is used in 6 second, the trajectory of slave system tracking the trajectory of master system quickly, which demonstrates the validity of Theorem 3.
Liu chaotic systems. To achieved synchronization of Liu systems, we select 
Conclusion
The paper provides a promising new approach for synchronization of chaotic systems via the simple but effective linear state error feedback control. Some new sufficient synchronization criteria have been obtained. This approach has used to achieve synchronization of the Genesio chaotic system, Lorzen chaotic system, Chen system and Liu chaotic system. Numerical examples illustrate the validity of the preseneted method in this paper.
